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Abstract
Objectives: To identify all patients with diabetes in a
community using electronic record linkage of
multiple data sources and to compare this method of
case ascertainment with registers of diabetic patients
derived from primary care.
Design: Electronic capture-recapture linkage of
records included data on all patients attending
hospital diabetes clinics, all encashed prescriptions
for diabetes related drugs and monitoring
equipment, all patients discharged from hospital,
patients attending a mobile unit for eye screening,
and results for glycated haemoglobin and plasma
glucose concentrations from the regional
biochemistry database. Diabetes registers from
primary care were from a random sample of eight
Tayside general practices. A detailed manual study of
relevant records for the 35 144 patients registered
with these eight general practices allowed for
validation of the case ascertainment.
Setting: Tayside region of Scotland, population
391 274 on 1 January 1996.
Main outcome measures: Prevalence of diabetes;
population of patients identified by different data
sources; sensitivity and positive predictive value of
ascertainment methods.
Results: Electronic record linkage identified 7596
diabetic patients, giving a prevalence of known
diabetes of 1.94% (0.21% insulin dependent diabetes,
1.73% non-insulin dependent): 63% of patients had
attended hospital diabetes clinics, 68% had encashed
diabetes related prescriptions, 72% had attended the
mobile eye screening unit, and 48% had biochemical
results diagnostic of diabetes. A further 701 patients
had isolated hyperglycaemia (plasma glucose
> 11.1 mmol/l) but were not considered diabetic by
general practitioners. Validation against the eight
general practices (636 diabetic patients) showed
electronic linkage to have a sensitivity of 0.96 and a
positive predictive value of 0.95 for ascertainment of
known diabetes. General practice lists had a sensitivity
of 0.91 and a positive predictive value of 0.98.
Conclusions: Electronic record linkage was more
sensitive than general practice registers in identifying
diabetic subjects and identified an additional 0.18%

of the population with a history of hyperglycaemia
who might warrant screening for undiagnosed
diabetes.

Introduction
Identification of all diabetic patients in the population
is essential if diabetes care is to be effective in achieving
the targets of the St Vincent declaration.1 Registers of
patients with insulin dependent diabetes are relatively
common,2 but there are few comprehensive registers of
non-insulin dependent diabetes in the United King-
dom. The impact of non-insulin dependent diabetes
has been grossly underestimated in the past, a fact
highlighted by the recent report of the King’s Fund
Policy Institute commissioned by the British Diabetic
Association.3 The challenge is therefore to establish
population based monitoring and control systems by
means of state of the art information technology in
order to achieve quality assurance of the provision of
health care for diabetic patients.4

The conventional approach to creating a diabetes
register is by aggregating records held by general prac-
tices of patients with diabetes5 6 or by integrating
general practice registers with lists of patients who
attend hospital diabetes clinics.7 An alternative
approach is central linkage of records specific for
diabetes. The relative merits of registers derived from
community sources (“grass roots”) and those
abstracted and held centrally are open to debate. One
aim of the diabetes audit and research in Tayside Scot-
land (DARTS) study was to test the hypothesis that
linkage of electronic records from multiple independ-
ent sources is an efficient and more effective method
than general practice lists for identifying all diabetic
patients.

Subjects and methods
The DARTS study is a joint initiative of the
Department of Medicine and the Medicines Monitor-
ing Unit (MEMO) at the University of Dundee, the
diabetes units at three Tayside healthcare trusts
(Ninewells Hospital and Medical School, Dundee;
Perth Royal Infirmary; and Stracathro Hospital,
Brechin), and a large group of Tayside general
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practitioners with an interest in diabetes care. Tayside is
a geographically compact region in which health care
is administered by 278 general practitioners in 78
practices and three healthcare trusts. The 391 274 resi-
dents of Tayside alive on 1 January 1996 were used as
the basis for the study.

Patient identification
Every patient who is registered with a general
practitioner in Scotland is allocated a unique identify-
ing number called the community health number. This
consists of 10 digits, with the first six digits being the
date of birth. Every resident of Tayside who is thus reg-
istered appears in the centrally held, continuously
updated computerised, record the Community Health
Master Patient Index. This file contains data on
patients’ address, postcode, general practitioner, death,
and date of death. Thus, the demographic breakdown
of the Tayside population, deaths, and patient
migration can be easily analysed using these data. The
community health number is used as the patient iden-
tifier in all healthcare activities in Tayside, both in
primary and secondary care.

Data sources for electronic record linkage
We used eight independent data sources to maximise
complete ascertainment of cases of diabetes.

Diabetes prescriptions database generated by the Medi-
cines Monitoring Unit—This unit, which is a university
based organisation supported by the Medicines
Control Agency, has been described in detail
elsewhere.8 9 Briefly, it has devised a method of captur-
ing person specific dispensing for the whole of Tayside
and, since January 1993, has recorded over 10 million
prescription items specified by community health
number. Of these items, we identified all prescriptions
for antidiabetic drugs (insulin, sulphonylureas, bigua-
nides, and á-glucosidase inhibitors) and for diagnostic
and monitoring devices for diabetes (such as test strips
and meters).

Hospital diabetes clinics—We integrated four data-
bases: those of diabetes clinics from Ninewells
Hospital, Dundee; Stracathro Hospital, Brechin; and
Perth Royal Infirmary as well that of a young adult and
paediatric clinic at Ninewells Hospital. These sources
contain data on the monitoring and outcome of
diabetes that conform to the United Kingdom diabetes
dataset.7

Data from a mobile diabetes eye unit that has operated
within Tayside since 1990 to perform community
screening for diabetic retinopathy.10 Information on
type and duration of diabetes are collected routinely.
Every general practice in Tayside is invited to refer all
patients with diabetes for pre-arranged retinal
photography.

The regional biochemistry database—We analysed the
records of all concentrations of glycated haemoglobin,
plasma glucose, urinary microalbumin, and serum cre-
atinine dating back to 1989. Identifying those
measurements that were requested by a maternity unit
allowed us to ascertain gestational diabetes. We
accepted a diagnosis of diabetes if a patient had (a) an
oral glucose tolerance test confirming the diagnosis of
diabetes or (b) two or more random outpatient plasma
glucose concentrations of greater than 11.1 mmol/l.

The Scottish morbidity record (SMR1), which is the list
of hospital discharges for all hospitals in Tayside. In
Tayside there are 63 000 hospital discharges each year,
and the Medicines Monitoring Unit holds the Tayside
portion of the Scottish morbidity record dating back to
1980. We created a computerised list of all patients
resident in Tayside discharged with a primary or
secondary diagnosis of diabetes (ICD code 250.0
(international classification of diseases)). For the
purpose of this study, we classified diabetic patients as
having insulin dependent diabetes if they were aged up
to 35 years at diagnosis and were treated with insulin
and having non-insulin dependent diabetes if they
were treated by diet alone or oral hypoglycaemic
agents or if they were aged over 35 at diagnosis,
irrespective of treatment.

Diagnostic algorithm and database categorisation
The cut off date for the study was 1 January 1996. We
used a hierarchical capture-recapture11 diagnostic
algorithm to integrate each data source, with the com-
munity health number as the common patient
identifier. Dedicated software (Microsoft Access) was
written to define date of birth, sex, year of diagnosis,
type of diabetes, duration of diabetes, method of treat-
ment (insulin, oral therapy, or diet alone), and
attendance at a hospital outpatient clinic for diabetes.
Patients were defined as having definite diabetes if they
met the criteria of the diagnostic algorithm. Other
defined categories of dysglycaemia were gestational
diabetes (fasting plasma glucose > 5.5 mmol/l or
plasma glucose > 9 mmol/l at 2 hours after a 75 g oral
glucose tolerance test12) and stress hyperglycaemia
(random plasma glucose > 11.1 mmol/l during an
emergency inpatient admission).

Validation of electronic record linkage
To investigate the performance of the electronic record
linkage, we performed a detailed manual validation of
hospital records, biochemistry data, and general
practice case records for all patients registered with
eight randomly selected Tayside general practices
(three rural and five inner city practices, 28 partners,
35 144 patients). We entered the validation data into a
purpose written, clinical information system. In cases
where the diagnosis of diabetes remained uncertain,
the decision was made by an independent investigator,
who applied the World Health Organisation’s criteria
for the diagnosis of diabetes.13

We also recorded separately the number of patients
who were registered by their general practitioner as
being diabetic.

Statistical analysis
We obtained denominators for the prevalence of
diabetes from the community health master patient
index. We calculated the sensitivity and positive predic-
tive value of the electronic record linkage and general
practice records and expressed the measure of
agreement between the two approaches in ascertain-
ing diabetes as ê.14

Ethical approval
The study was approved by the Tayside research and
ethics committee. The databases of the DARTS study
are registered under the Data Protection Act for
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purposes of research and audit only. At all times
confidentiality of individual patients’ and individual
general practices’ data were maintained. All electronic
media containing patient specific data meet the
requirements of health service data protection and
encryption standards.15-17

Results
Among the 391 274 residents of Tayside on 1 January
1996, electronic record linkage identified 7596 people
with known diabetes. Of these, 4013 were male and
3583 were female with mean (SD) ages of 60 (17) years
and 64 (18) respectively. The mean duration of
diabetes was 6.0 (6.7) years. Figure 1 shows the age
breakdown for insulin dependent and non-insulin
dependent diabetes; the crude prevalence of diabetes
in Tayside was 1.94%, and 5.3% of the population aged
over 55 had diabetes. Table 1 shows the number of
patients with known diabetes identified by each data
source: 5141 were identified from encashed prescrip-
tions, 4816 from hospital clinics, 5484 from the mobile
eye unit, 3648 from the biochemistry database, and
2563 from hospital discharges. Eighty four per cent of
these patients were identified by two or more data
sources.

In the validation study of eight randomly selected
general practices, we identified 636 patients as having
diabetes. Table 2 shows the number of diabetic patients
identified by electronic record linkage and the number
identified in the general practice registers. The sensitiv-
ity and positive predictive value of the electronic record
linkage were 0.96 and 0.95 respectively, while the
corresponding values for the general practice registers
were 0.91 and 0.98. There was excellent agreement
between the two approaches in ascertaining diabetes
(ê = 0.96).

Because not all the data sources used by the
electronic record linkage are available in other districts,
we calculated the sensitivity and positive predictive
value of each data source, both independently and in
combination. For example, 68% of all patients with
diabetes had encashed prescriptions for diabetes

related drugs or monitoring equipment. Table 3 shows
the proportions of patients identified by individual
data sources and by combining data sources.

In addition to patients with definite diabetes, the
electronic record linkage identified 47 patients with
gestational diabetes on the cut off date and 701
patients with stress hyperglycaemia since the start of
the study.

Discussion
It has been recommended that regional diabetes regis-
ters are established in the United Kingdom to facilitate
systematic, population based monitoring of outcomes
of diabetes and to ensure that diabetes care is effective,
efficient, and equitable.18 The task of developing such
registers, especially in inner city areas, has proved diffi-
cult,19 with problems with case ascertainment, patient
migration, and difficulty in identifying patients treated
by diet alone.20 If the objectives of the St Vincent decla-
ration are to be achieved1 the challenge is to devise
robust strategies for the identification of all known dia-
betic patients in the community. The aim of this study
was to evaluate a unique and more sensitive method
for detecting cases of diabetes.

Cross sectional data of hospitalisation for diabetes
substantially underestimate the incidence and impact
of diabetes,21 and, as diabetes care is often performed
exclusively in general practice, it has been assumed that
comprehensive data are more likely to be obtained
from primary care rather than the secondary sector.4

Table 1 Number of Tayside residents with known diabetes who were identified
independently by each data source used in electronic record linkage

Source of data

Type of diabetes Type of treatment

Total
Insulin

dependent
Non-insulin
dependent Insulin

Oral
therapy

Diet
alone

Encashed prescriptions 658 4483 1868 2690 583 5141

Hospital diabetes clinics 579 4044 1715 2050 858 4623

Young adult or paediatric clinics 193 0 193 0 0 193

Mobile eye unit 578 4906 1593 2578 1313 5484

Biochemistry database 321 3327 1077 1675 896 3648

Hospital discharge diagnoses 519 2044 1278 820 465 2563

Total 843 6753 2228 3419 1949 7596

Table 2 Ascertainment of cases of diabetes by electronic record linkage and by general
practice registers in a random sample of eight general practices in Tayside*

No of cases
detected
(n=636†)

False
positives

No of cases
missed Sensitivity

Positive
predictive

value

Electronic record linkage 608 33 28 0.96 0.95

General practice registers 582 10 54 0.91 0.98

*The practices comprised 28 general practitioners with a total list size of 35 144 patients.
†Total No of cases detected by our validation study (see text for details).
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Fig 1 Number of diabetic patients among residents of Tayside on
1 January 1996 by age and type of diabetes

Table 3 Sensitivity and positive predictive value of each data
source used in electronic record linkage for ascertaining cases
of diabetes

Data source Sensitivity

Positive
predictive

value

Encashed prescriptions 0.69 0.97

Hospital clinics 0.63 0.99

Mobile eye unit 0.72 0.99

Biochemistry database 0.67 0.98

Hospital clinics + mobile eye unit 0.91 0.98

Hospital clinics + biochemistry database 0.82 0.98

Encashed prescriptions + biochemistry database 0.96 0.96

Encashed prescriptions + hospital clinics +
biochemistry database

0.96 0.96

All data sources 0.96 0.95
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The most popular method of case identification has
therefore been to aggregate general practice records of
diabetic patients in the community. This strategy has
been adopted in several localities; for example, 2236
patients in North Tyneside,5 4313 patients in Middles-
borough,6 5200 patients in Sheffield,21 and 2574
patients in Tunbridge Wells,22 yielding prevalences
ranging from 1.18% to 1.5%. The combination of gen-
eral practice records with hospital records is an
alternative approach that has been adopted in some
districts.7 An entirely different strategy is to use
information technology to electronically link centrally
held data. The relative merits of these approaches are
open to debate.

Electronic record linkage
Our results show that record linkage of eight
independent data sources is a robust method for iden-
tifying all known diabetic patients in a community, with
a sensitivity and positive predictive value of 0.96 and
0.95 respectively and yielding a point prevalence of
diabetes of 1.94%. This prevalence is significantly
higher than those previously reported.5 7 19 22 23 and
may reflect the fact that general practice lists of patients
with diabetes are not comprehensive. This was
confirmed when we validated the electronic record
linkage against a random sample of eight general
practices and found the sensitivity of the general
practice registers to be 0.91.

The ascertainment of diabetes by electronic record
linkage was maximised because of the unique integra-
tion of multiple sources of data to create a patient spe-
cific information system. In this study such record
linkage has a number of strengths. Firstly, the absolute
specificity of hypoglycaemic drugs increases the
completeness of ascertainment of diabetes. Secondly,
by using the diabetes prescriptions database of the
Medicines Monitoring Unit to identify those diabetic
patients treated by diet alone who are prescribed
glucose monitoring equipment but no drugs, we
enhanced the capture of diabetes controlled by diet.
Thirdly, biochemistry data further enhanced the
capture of diabetes controlled by diet. Fourthly, the
inhabitants of Tayside live in a well defined geographi-
cal area of both rural and inner city communities with
a low rate of migration: for example, only 5% of nearly
4000 patients taking cimetidine were lost to follow up
over five years in a previous study.24 Finally, all com-
ponents of the database in the DARTS study are
regularly updated, allowing a continuously updated
and dynamic database.

To the best of our knowledge, this study is the first
validated dynamic register of diabetes in the United
Kingdom. It shows how clinical information can be
harnessed electronically and exploited for the benefit
of patients.

Requirements for creating a diabetes register
We believe our approach to the creation of a diabetes
register to be efficient, requiring 12 months of a full
time computer programmer and research nurse. Fun-
damental to the success of the study is the unique
patient identifier, the community health number, for
record linkage. Although a community health number
is assigned to all residents of Scotland, Tayside is the
only Scottish health board that uses it comprehensively

to allow easy integration of all the data sources that the
DARTS study uses. This study thus highlights the value
of a unique patient identifier, which is soon to be intro-
duced in England and Wales. Importantly, the DARTS
study database conforms to the Scottish Intercollegiate
Guidelines Network minimum recommended data set
for data collection in diabetic patients.25

Comparison with other studies
The only other study to evaluate the performance of
general practice records, hospital records, and data on
consumption of antidiabetic drugs was performed in
4674 diabetic patients in Islington, London.18 Despite
being population based, data collection was incom-
plete as only 52% of local general practices provided
registers of diabetic patients and data on drug
prescriptions were available for only 28% of practices.
A major concern highlighted by this earlier study was
that reliance on general practice registers and hospital
records alone may result in 18-40% of cases of diabetes
being missed.18 The sensitivities of practice registers,
prescription returns, and hospital clinics in detecting
diabetes were reported to be 0.62, 0.68, and 0.40
respectively. Our study has the advantage of having
complete population data for encashment of prescrip-
tions. Our corresponding sensitivities for prescription
encashment and hospital records were 0.69 and 0.63
respectively.

Identifying undiagnosed diabetes
In addition to the 7596 patients with known diabetes,
electronic record linkage identified 701 patients with
a recent history of hyperglycaemia who were not
recognised to be diabetic by their general practitioners.
It is well established that a substantial number of
cases remain undiagnosed, and surveys in the United
Kingdom and United States suggest that the ratio of
undiagnosed to diagnosed cases may be as high as
1:1.26 27 As the United Kingdom prospective diabetes
study has shown that up to 30% of newly diagnosed
patients with non-insulin dependent diabetes have
evidence of microvascular or macrovascular complica-
tions at presentation,28 selective screening has been
advocated in high risk groups.3 We propose to evaluate
the effectiveness of screening for non-insulin depend-
ent diabetes in the group of patients with a history of
isolated hyperglycaemia.

Implications for creating a regional diabetes
register
Since the data supplied by the Medicines Monitoring
Unit are registered under the Data Protection Act for
research use only, the DARTS study database in its cur-
rent form is used solely for anonymised research and
audit. The 14 general practitioner and physician mem-
bers of the DARTS study steering group are custodians
of the data, and no external agency has access to the
data. This is perhaps a major strength of the system, as
it allows non-threatening participation in audit and
research by Tayside doctors. A key aspect for the
acceptance of a regional diabetes register is for patients
and healthcare professionals to have total confidence
in the confidentiality and restricted use of the
information. The database of the DARTS study cannot
be considered for use as a regional register until the
issue of patient confidentiality is addressed, which is a
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major hurdle to be overcome. One possible solution is
the sharing of all diabetes specific information about
each diabetic patient with that person on an annual
basis to allow informed consent to be obtained. To fos-
ter collaborative links and reduce perceived threats to
independence and change, every general practitioner
and practice nurse in Tayside was invited to a series of
meetings to canvas opinion and support for the
DARTS study.

If the targets of the St Vincent declaration are to be
achieved, accurate, population based monitoring of the
status of diabetic patients is required. The DARTS
study shows how electronic sources of data can be used
to create a district diabetes register. The principles
underlying this study are applicable elsewhere, and we
are currently creating software that could be used else-
where to link electronic data sources that are specific
for diabetes.

Details of the DARTS study can be found on the Medicines
Monitoring Unit (MEMO) web page at www.dundee.ac.uk/
memo/.
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Key messages

x It has been recommended that regional
registers of patients with diabetes are
established in order to facilitate effective
monitoring and treatment of diabetes

x In Tayside we created a diabetes register by
record linkage of multiple data sources: all
patients attending hospital diabetes clinics, all
encashed prescriptions for diabetes related
drugs and monitoring equipment, all patients
discharged from hospital, patients attending a
mobile unit for eye screening, and results for
glycated haemoglobin and plasma glucose
concentrations from the regional biochemistry
database

x This register identified 7596 patients with
diabetes in Tayside, giving a prevalence of
diabetes of 1.94%

x Record linkage was more sensitive than general
practice registers in ascertaining cases of known
diabetes

x A unique patient identifier, the community
health number, was fundamental for successful
record linkage
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Netlines

The medical establishment on the web
x Most of the royal medical colleges now have a presence
on the web: the Royal College of Physicians of Edinburgh
on http://www.rcpe.ac.uk/, the Royal College of Surgeons of
England on http://www.rcseng.ac.uk, The Royal College of
Surgeons of Edinburgh on http://www.rcsed.ac.uk/welcome.htm,
the Royal College of Surgeons in Ireland on http://www.rcsi.ie/,
the Royal College of Psychiatrists on http://www.rcpsych.ac.uk/,
the Royal College of General Practitioners on http://www.rcgp.
org.uk/, the Royal College of Obstetricians and
Gynaecologists on http://www.rcog.org.uk/, and the Royal
College of Anaesthetists on http://www.ncl.ac.uk/∼nrcoa/. Each
web site provides general information on the relevant
college, with specific information on its education, research,
and college services. The Royal Society of Medicine can be
found on http://www.roysocmed.ac.uk/. Sadly, I can find no
evidence of a web presence for the General Medical Council
nor for my own college, the Royal College of Pathologists.

The power of plug-ins
x After surfing the web for a while, you can become blasé
and think that you have seen it all. I was recently shocked
out of such complacency when I installed some new
plug-ins into my web browser. These small pieces of
software add extra functions to your web browser, so that,
for example, it can play movies or sounds or display
molecular structures within a web page—for a full list of
plug-ins see BrowserWatcher’s Plug-In Plaza (http://
browserwatch.internet.com/plug-in.html).
x I installed HotSauce (http://hotsauce.apple.com/), which allows
you to navigate through the web by flying through a virtual
3-D space (termed XSpace). It certainly gives a fresh
perspective on the web—as the promotional material says,
“Why surf when you can fly?” While flying through the
XSpace of the Plant Cell Biology site (http://plantcell.lu.se/), I
experienced another shock of the new when I came across a

web page (http://plantcell.lu.se/Research/lhcii_mov.html) that not
only displayed an embedded QuickTime movie of the
rotating 3-D structure of a protein—accessible because I had
installed the QuickTime plug-in (http://quicktime.apple.com/)—
but also played Bach’s Fugue in G minor in the background.
Never has net-surfing been so civilised.

The Dearing report on line
x Even as wired a journal as the BMJ sometimes slips up. In
the issue of 2 August it pointed out that you can obtain a
“dead-tree” version of the 1700 page Dearing report on the
future of higher education for £135. The BMJ forgot to
mention that you can access the entire report for free on
the web on http://www.leeds.ac.uk/educol/ncihe/. That way you
avoid lugging five volumes around, and you can even search
the entire report on line. Read what Dearing has to say
about the UK Joint Academic Network (JANET) on http://
www.leeds.ac.uk/educol/ncihe/nr_169.htm and http://www.leeds.ac.uk/
educol/ncihe/nr_207.htm. And you can see what the National
Union of Students thinks of the report on http://www.nus.
org.uk/dearnews.html.

Anaesthetics on the web
x Netlines is grateful to Steve Yentis for providing the
following starting places for exploring anaesthetics on the
web: his departmental web page on http://www.cxwms.ac.uk/
Academic/Anaes/mdahome.html, Wright’s Anaesthesia and Critical
Care Resources on the Internet on http://www.eur.nl/FGG/ANEST/
wright/contents.html, and the Virtual Anaesthesia Textbook on
http://www.gasnet.eur.nl/mirror/vat/VAT.html.

Compiled by Mark Pallen
email m.pallen@qmw.ac.uk
web page http://www.qmw.ac.uk/∼rhbm001/mpallen.html

Netpoints: Piloting patient attitudinal surveys
on the web
Developing surveys to elicit patients’ attitudes is difficult,
time consuming, and costly. To pilot an attitudinal
questionnaire for women in families affected by
endometriosis, we constructed a web site (http://www.well.ox.ac.
uk/endometriosis) with a consent page followed by 25 multiple
choice questions and six free response questions. We then
sent a single invitation to participate in the study to over
700 members of an internet mailing list called WITSENDO,
which is open to anyone with an interest in endometriosis.

We recorded responses via email directly into a database
for analysis. In one month we received 81 hits, from 74
individuals, and 54 responses to the survey. Response rates
to the multiple choice questions ranged from 48% to 100%,
with only six questions answered less than 95% of the time.
We assumed these differences identified poorly constructed
questions, which we then modified based on these pilot
observations. We thought that we could easily determine
participants’ nationalities from the computer host names

recorded with their replies. Ten (19%) of the respondents’
computers did not have host names, only internet protocol
addresses. Although we used specialised software to trace
these addresses, the task was technically difficult and we do
not recommend it.

Our method elicited many responses in a short time. We
received 42 (78%) replies within one day of emailing our
invitation to WITSENDO members, about 10% of whom
accessed our web site. Our invitation could have easily been
overlooked given WITSENDO’s high message volume.
Multiple invitations spaced several days apart would have
increased participation. We believe the web is a powerful
resource for developing surveys in a quick and effective
manner.
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